Background: The knowledge about intra-and inter-individual variation can stimulate attempts at description, interpretation and prediction of motor co-ordination (MC). Aim: To analyse change, stability and prediction of motor co-ordination (MC) in children. Subjects and methods: A total of 158 children, 83 boys and 75 girls, aged 6, 7 and 8 years, were evaluated in 2006 and re-evaluated in 2012 at 12, 13 and 14 years of age. MC was assessed through the Kiphard-Schilling's body co-ordination test and growth, skeletal maturity, physical fitness, fundamental motor skills (FMS), physical activity and socioeconomic status (SES) were measured and/or estimated. Results: Repeated-measures MANOVA indicated that there was a significant effect of group, sex and time on a linear combination of the MC tests. Univariate tests revealed that group 3 (8-14 years) scored significantly better than group 1 (6-12 years) in all MC tests and boys performed better than girls in hopping for height and moving sideways. Scores in MC were also higher at follow-up than at baseline. Inter-age correlations for MC were between 0.15-0.74. Childhood predictors of MC were growth, physical fitness, FMS, physical activity and SES. Biological maturation did not contribute to prediction of MC. Conclusion: MC seemed moderately stable from childhood through adolescence and, additionally, inter-individual predictors at adolescence were growth, FMS, physical fitness, physical activity and SES.
Introduction
One of the purposes of assessing gross motor co-ordination (MC) of children, aged 5-14 years, is to explore age-and sexassociation variation. In a classical study, Kiphard and Schilling (1974) observed that MC increased with age and girls performed significantly better than the boys in hopping for height (HH) and jumping sideways (JS). More recent studies (Ahnert et al., 2009; Deus et al., 2008; Valdivia et al., 2008b; Vandorpe et al., 2011a) confirm the pattern of age-associated variation, but there is some inconsistency regarding sex-associated variation in MC tests.
Tracking of MC has been examined in a small number of studies (Ahnert et al., 2009; Deus et al., 2008; Vandorpe et al., 2011b; Willimczik, 1980) . Tracking refers to the tendency for an individual to maintain the same relative position within an age and sex group over a period of time (Malina et al., 2004) and the ability to discover specific ages or variables where prediction becomes reasonably accurate (Foulkes & Davies, 1981) . In Belgian (Vandorpe et al., 2011b) and German (Ahnert et al., 2009; Willimczik, 1980) children, the stability of MC was high (inter-age correlations above 0.60). Deus et al. (2008) reported correlation coefficients between 0.16 and 0.74 in Portuguese children. Consequently, there is some heterogeneity of tracking of MC across studies. In terms of prediction, MC has been linked to physical fitness , human physical growth (D'Hondt et al., 2011 (D'Hondt et al., , 2012 Lopes et al., 2012a; Wrotniak et al., 2006) , physical activity (Fisher et al., 2005; Lopes et al., 2011; Vandorpe et al., 2011b) and socioeconomic status (SES) (Valdivia et al., 2008a; Vandendriessche et al., 2012) . Evidence from these studies to support this includes: (1) high levels of physical fitness and physical activity were associated with high scores on MC; (2) body fatness was inversely associated with MC; and (3) the association of SES with MC was inconsistent across studies.
Since MC, together with fundamental motor skills (FMS), are determinants of the general development of children (Haga, 2008; Henderson & Sugden, 1992) and are associated with health-related parameters (Stodden et al., 2008) it is crucial to promote MC during childhood and adolescence. According to Branta et al. (1984) , longitudinal research that describes change serves as a standard against which individuals of certain ages, grades, programmes and populations can be compared and the knowledge about a general pattern of change can stimulate attempts at explanation, intervention and prediction. In this respect, the extent to which MC is stable over time is of interest because of its significance in the prediction of human performance, identification of clumsy and motor-impaired children and application of preventive measures (Ahnert et al., 2009 ).
This study considers change, stability and prediction of MC in a longitudinal sample of Portuguese children, from Madeira and Porto Santo Islands. Whilst the previous research explored the associations of MC with physical fitness, human physical growth, physical activity and SES, the current study extended the multivariate analysis to FMS and biological maturation. Moreover, very little is known about stability and childhood predictors of MC at early adolescence, i.e. at 12, 13 and 14 years. Specifically, we hypothesised that: (1) MC improved with age and differences in scores among boys and girls were test-and age-specific; (2) stability of MC during childhood and early adolescence was low-to-moderate across the different cohorts; (3) MC, human physical growth, biological maturation, physical fitness, FMS, physical activity and SES in childhood were predictors of MC at early adolescence; and (4) predictors of MC changed over time and the relative contribution of these predictors also changed with age.
Subjects and methods

Study design, sampling procedures and participants
In 2006, 1369 subjects, 664 boys and 705 girls, were sampled in the scope of the ''Healthy Growth of Madeira Study'' (HGMS). The HGMS is a cross-sectional study with 12 birth cohorts, assessed at the ages of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14 . A proportional stratified random sampling was conducted with geographical location, school grade and school facilities as stratification factors. A total of 40 public schools were selected from the 11 districts of Autonomous Region of Madeira (ARM), i.e. Madeira and Porto Santo islands. The Secretary of Education and Culture provided a list of schools and students. In each district, at least one kindergarten, one primary school and one high school participated in the study. Approximately 50 boys and 50 girls were randomly sampled in each age interval from 3-10 years. For the age intervals 10-14 years, each cohort comprised $100 boys and 100 girls. The number of subjects sampled in each district was proportional to the number of children enrolled in the compulsory education system, matched by age and sex. Sampling procedures were carried out with the collaboration of a member of the National Institute of Statistics (Statistics Portugal).
In the current study, a sub-sample of 158 subjects, 83 boys and 75 girls, aged 6, 7 and 8 years, was used and corresponds to 49.4% of the original sample for these age intervals (n ¼ 320; 162 boys and 158 girls). The distribution of the subsample, by district, was similar to the original sample. In 2012, this sub-sample was re-evaluated when children were 12, 13 and 14 years, respectively. Therefore, the longitudinal sample comprised children from three cohorts: 1 (6-12 years), 2 (7-13 years) and 3 (8-14 years). The use of 158 subjects in the follow-up reflected the human and financial constraints that are common in longitudinal studies. Overall, there were no significant differences between those who were followed and the rest of the sample on the main clusters including MC, human physical growth, biological maturation, physical fitness, FMS and physical activity. The number of participants, by age group and sex, at baseline (2006) and follow-up (2012), as well as the mean length of follow-up, are presented in Table 1 .
Data collection and measurements
All study protocols were reviewed and approved by the Scientific Board of the University of Madeira and permission was granted from the Regional Secretary of Education and Culture. The whole process was also approved by the Ethics Committee of the Hospital of Funchal. Participants were informed about the procedures, nature and relevance of the study and (written) consent was granted from their parents or tutors.
In 2006, data was collected by six teachers of Physical Education under the supervision of one of the study co-ordinators. The team members underwent theoretical classes and lab sessions during a period of 3 months prior to data collection. A pilot study was carried out in 46 children, aged 3-10 years, from a primary school. Children Table 1 . Number of subjects (n), age at baseline (mean and SD), age group (Gr), age at follow-up (mean and SD) and mean length of the follow-up in boys and girls from the Healthy Growth of Madeira Study.
Baseline
Follow-up were assessed twice, with an interval of 1 week, in order to assess test-re-test reliability and to refine assessment procedures. Baseline data was collected between January-June 2006. The assessment of anthropometry and skeletal maturation (x-ray) took place in the gym. FMS, physical fitness and MC tests were assessed in the school sports hall. The field members worked in pairs. Children received a verbal description followed by a visual demonstration of each skill/ test. Motor tests were administered in a single day ($20 participants/day). In 2012, data was collected by one member of the previous team who strictly followed the assessment procedures. Data collection took place between JanuaryMarch 2012.
Gross motor co-ordination
MC was evaluated by means of the ''Körperkoordinations Test Für Kinder'' (Body Co-ordination Test for Children) (KTK) developed by Kiphard and Schilling (1974) and recently revised by the same authors (Kiphard & Schilling, 2007) . The KTK comprises four test items: (1) walking backwards (WB) three times along each of three balance beams (6 cm, 4.5 cm and 3 cm width, 3 m length, 5 cm height) (the number of successful steps is recorded); (2) hopping for height (HH) on one leg over a pile of pillows increasing in height with consecutive steps of 5 cm per pillow (60 cm Â 20 cm Â 5 cm each): the initial height is based on the preliminary exercises and the age of the children; three trials are possible for a given height on the right and left leg (the height of the final successful jump is recorded); a maximum of 39 points can be achieved per leg for a total of 78 points; (3) jumping sideways (JS) with both feet as many times as possible over a wooden slat (60 cm Â 4 cm Â 2 cm) in 15 seconds (the number of jumps over two trials is summed); and (4) moving sideways (MS) on wooden boxes (25 cm Â 25 cm Â 5.7 cm) during 20 seconds (the number of relocations is counted and summed over two trials). Raw scores for each test were used in the present data analysis in order to capture variation and not to level off the measured differences. during the 1st phase of the study (2006) ranged from 0.899 (forearm circumference) and 1.000 (height and weight). Absolute and relative TEM were, respectively, 1.36 cm and 6.56% for forearm circumference and 0.44 cm and 0.31% for height. Height, body mass, waist circumference and abdominal skin-fold were also assessed in 2012. For the current study only height, body mass, sum of five skin-folds (biceps, calf, subscapular, suprailiac and triceps), ratio of sitting height to stature and androgyny index were used as predictors of MC since the sum of the five skin-folds was more informative than a single skin-fold, proportionality was more important than body mass index and androgyny index was more informative than a single diameter per se.
Biological maturation
Skeletal maturity was estimated using the TannerWhitehouse 3 method (Tanner et al., 2001) . Briefly, the radius, ulna and short bones (RUS) entails matching 13 individual bones of the hand and wrist, namely the radius and ulna, the metacarpals and the phalanges, to a set of written criteria. The summed maturity scores are converted to bone age. In 2006, an X-ray from the left hand and wrist was taken with a portable unit [Model TOP 25 (140 kvp; 25 mA); For You Company, Belgium]. All the x-rays were rated by one of the co-authors of this study (DF) with substantial experience in rating x-rays. Inter-observer agreement between the DF and Gaston Beunen (GB) was 85.3%, ranging from 76% (middle phalange of the fifth finger and trapezium) to 100% (capitate and lunate). Briefly, a random sample of 50 radiographs from the Leuven Growth Study of Belgian Boys was independently rated by GB and DF. The number of agreements in stages of each single bone across the total sample (n ¼ 50) was used in data quality assessment. In this study, relative skeletal age (SA), i.e. SA divided by chronological age, was used to express maturity status of the children.
Physical fitness
Physical fitness was assessed using the Eurofit test battery (Adam et al., 1988) , which includes nine motor tests; namely, flamingo balance, plate tapping, shuttle runs, sit ups, flexed arm hang, sit and reach, handgrip and standing long jump. The endurance shuttle run was replaced by the 12-minute run/ walk test from the AAHPERD (1988). In the pilot study, ICCs were between 0.761 (flamingo balance; 95% CI ¼ 0.499-0.886) and 0.986 (bent arm hang; 95% CI ¼ 0.970-0.993).
In 2012, some of these motor tests were re-assessed, but these data were not included in this analysis.
Fundamental motor skills
FMS were assessed through the ''Test of Gross Motor Development'' (TGMD-2) (Ulrich, 2000) . The TGMD-2 comprises 12 motor skills divided into two sub-sets: locomotor and object control. The first assesses motor skills that are involved in moving the centre of gravity and include: run, gallop, hop, leap, horizontal jump and slide. The second assesses motor skills associated with throw/manipulation of objects and included: striking a stationary ball, stationary DOI: 10.3109/03014460.2015.1058419 Change, stability and prediction of MC 3 dribble, catch, kick, overhand throw and underhand roll. The sum of scores of the six motor skills originates a score for locomotor and object control skills, separately (Ulrich, 2000 
Physical activity
Physical activity was assessed through the Baecke questionnaire (Baecke et al., 1982) . The questionnaire presents 16 questions, eight of them related to physical activity at work (questions 1-8), four related to sport practice (questions 9-12) and four related to leisure-time physical activity (questions 13-16). Answers to the different items of the questionnaire are quantified in a Likert scale, with the exception of the parental occupation and sports. Three indices are operationalised: physical activity at work, physical activity in sports and physical activity in leisure time. In the 1st phase of the study, no information was collected in the first eight questions because all the participants were students. The questionnaire was administered through a face-to-face interview. At earlier ages and whenever necessary, the questionnaire was filled with the assistance of the school's teacher, parents or tutors. Evidence is accumulating that the Baecke questionnaire and modifications of this questionnaire provide reliable and valid information. In children and adolescents, 11-14 years old, test-re-test reliability of the sport and leisure-time indices measured with an interval of 1 week during the Madeira Growth Study (MGS) (Freitas et al., 2007) , were 0.80 and 0.73, respectively, and this parallels the results found by Baecke et al. (1982) in the original sample of Dutch adult men and women (0.81 and 0.74, respectively). In adolescents, 12-18 years of age, Philippaerts et al. (2006) observed that the intra-class correlation coefficients for two independent reports of sport and leisure time activities were higher than 0.70 and that sport and leisure time activities showed a significant correlation (r40.50) with the counts of an uniaxial accelerometer.
Socioeconomic status
SES was quantified via a standardised questionnaire developed by the National Institute of Statistics (Statistics Portugal, 1995) . The questionnaire comprises five groups of questions; namely, parental occupation, education, income, housing and residential area, each one rated on a five-unit scale. The Graffar framework (Graffar, 1956 ) was used in the social stratification. First, the sum of the five socioeconomic characteristics was used in the analysis. Second, the five characteristics were entered separately in the regression models. Level of education was assessed according to International Standard Classification of Education (1997) . In order to follow the social stratification framework of Graffar (1956) , levels of education were inverted, i.e. level 1 included ''second stage or tertiary education'' and level 5 involved ''primary education or first stage of basic education''. A similar approach was carried out by Freitas et al. (2004 Freitas et al. ( , 2007 in the scope of the MGS.
Statistical analysis
Data were double entered and screened for outliers and normality. Means and standard deviations were calculated at baseline and/or follow-up for MC, human physical growth characteristics, biological maturity, physical fitness, FMS, physical activity and SES. An independent-samples t-test was used to investigate the differences between those who were followed and the rest of the sample. Intra-class correlation coefficients (R) were used in the reliability analyses. Technical errors of measurement (absolute and relative) were also calculated for anthropometry. Repeated-measures MANOVA analyses were conducted to assess the effect of group 1 (6-12 years), 2 (7-13 years) and 3 (8-14 years), sex (male and female), time (baseline and follow-up) and its first-and second-order interactions (group Â sex, time Â group, time Â sex and time Â group Â sex) on MC (multivariate and univariate tests). Preliminary assumption testing was performed to check for linearity, homogeneity of variance-covariance matrices and multicollinearity and results were satisfactory. Significance was set at p50.05 for multivariate tests. For univariate tests, an alpha level of 0.013 [0.05 divided by 4 (n of dependent variables)] was set in order to reduce the chance of Type 1 error (Tabachnick & Fidell, 2014) .
Tracking of human physical growth characteristics and MC tests was estimated with inter-age Pearson product-moment correlations between the first (baseline) and last (follow-up) measurements; 95% confidence intervals (CI) were obtained through bootstrapping analyses. Predictors of MC were identified via stepwise multiple linear regression. First, zero-order correlations were calculated between MC tests assessed at 12, 13 and 14 years and human physical growth characteristics, MC, skeletal maturation, physical fitness, FMS, physical activity and SES at 6, 7 and 8 years, respectively. Second, items with statistical significance were entered in the stepwise regression. The default p values of 0.05 (entry) and 0.10 (removal) were used as the levels of statistical significance. All analyses were conducted using Stata, version 11 (Stata, 2009) and SPSS 19.0 (IBM Corporation, 2012) . Sport score 1.5 ± 0.8 1.5 ± 0.6 1.7 ± 0.7 2.1 ± 0.9 1.7 ± 0.8 1.9 ± 0.9 Sport index 2.8 ± 0.8 2.8 ± 0.6 2.9 ± 0.4 3.1 ± 0.7 2.9 ± 0.6 3.0 ± 0.6 Leisure-time index 2.6 ± 0.8 2.5 ± 0.6 2.8 ± 0.6 2.9 ± 0.5 2.7 ± 0.5 2.8 ± 0.5 Sport score 1.3 ± 0.5 1.4 ± 0.7 1.2 ± 0.5 1.7 ± 0.8 1.6 ± 0.6 1.8 ± 0.9 Sport index 2.4 ± 0.5 2.6 ± 0.5 2.5 ± 0.4 2.6 ± 0.6 2.5 ± 0.6 2.7 ± 0.7 Leisure-time index 2.6 ± 0.5 2.6 ± 0.4 2.7 ± 0.7 2.4 ± 0.6 2.5 ± 0.7 2.5 ± 0.5 yBiological maturation was not a predictor of motor co-ordination. For physical fitness and fundamental motor skills, only predictors of motor coordination are presented. zSum of five skin-folds: biceps, calf, subscapular, suprailiac and triceps. DOI: 10.3109/03014460.2015.1058419 Change, stability and prediction of MC 5 linear combination of the MC tests. There are also significant multivariate effects across the interactions between time and group [V ¼ 0. 134, F(8, 294) Table 3 shows the Pearson product-moment inter-age correlation coefficients and 95% confidence intervals among the Madeira participant's performances on MC tests at baseline and their performance 6 years later, separately for boys and girls. Overall, MC throughout childhood and early adolescence exhibits low-to-moderate tracking (r in the range of 0.15-0.60). Some exceptions are observed in WB (group 1 and 2, boys or girls), HH (group 2 and 3, girls) and JS (group 2, girls) where correlations are higher than 0.60, indicating reasonably good tracking. The range of correlations for MC tests is similar for boys (r ¼ 0.16-0.74) and girls (r ¼ 0.15-0.68). However, girls show better stability than boys in all MC tests (r ¼ 0.40-0.68, girls and r ¼ 0.25-0.36, boys) at 6-12 years old. A more stable pattern of boys comparing to girls is seen in WB (r ¼ 0.74, boys and r ¼ 0.38, girls) and MS (r ¼ 0.45, boys and r ¼ 0.15, girls) at 7-13 years. On the contrary, girls showed higher tracking than boys in HH (r ¼ 0.55, boys and r ¼ 0.65, girls) and JS (r ¼ 0.59, boys and r ¼ 0.65, girls) at 7-13 years. In the older age group, 8-14 years, boys display higher stability coefficients than girls in WB (r ¼ 0.28, boys and r ¼ 0.15, girls) and JS (r ¼ 0.51, boys and r ¼ 0.41, girls) and the opposite is true for HH (r ¼ 0.34, boys and r ¼ 0.64, girls) and MS (r ¼ 0.16, boys and r ¼ 0.41, girls). Generally, WB, HH and JS are slightly more stable at 7-13 years (r ¼ 0.38-0.74) than at 6-12 (r ¼ 0.25-0.68) and 8-14 years (r ¼ 0.15-0.64). MS shows better tracking at 6-12 years (r ¼ 0.35-0.40) than in 7-13 years (r ¼ 0.15-0.45) and 8-14 years (r ¼ 0.16-0.41). Of the 24 correlations, 10 are above 0.50, four in boys and six in girls. The highest number of correlations above 0.50 is located in the age group 7-13 years.
Results
Descriptive statistics
4 A. M. Antunes et al. Ann Hum Biol, Early Online: 1-11 Table 2. Descriptive statistics for motor co-ordination, human physical growth, biological maturation, physical fitness, fundamental motor skills and physical activity at baseline (6, 7 and 8 years old) and 6 years later (12, 13 and 14 years old
Girls
Tracking of MC tests
Predictors of motor co-ordination
Multiple linear regression models for MC tests at 12, 13 and 14 years with predictors of MC observed at 6, 7 and 8 years are shown in Table 4 . For boys, 21-71% of the variance in the MC tests at 12, 13 and 14 years is explained by MC tests, human physical growth characteristics, physical fitness and FMS at 6, 7 and 8 years, respectively. By age group, the adjusted R 2 is comprised between 21-35% (6-12 years), 41-71% (7-13 years) and 21-50% (8-14 years). At 7 years, JS is a predictor of WB and MS at 13 years. The percentage of explained variance is 8% and 21%, respectively. WB at 6 years and HH at 7 years are also predictors of MS at 12 years and WB at 13 years, respectively. The ratio of sitting height to stature at 6 and 7 years is a predictor of WB at 12 and 13 years. The contribution of this variable to the total R 2 is 13% at 12 years and 19% at 13 years. The sum of skin-folds at 8 years is also a predictor of HH and MS at 14 years, explaining 24 and 30% of the total variance. At 7 years, flexed arm hang is a predictor of HH and JS. Sit ups at 7 and 8 years explain Table 3 . Pearson product-moment correlation coefficients (r) and 95% confidence intervals (95% CI) for motor coordination tests between ages at baseline (6, 7, and 8 years old) and corresponding ages 6 years later (12, 13 and 14 years old) in boys and girls. Table 4 . Multiple linear regression for motor co-ordination tests at 12, 13 and 14 years with predictors observed at 6, 7 and 8 years, respectively. Change, stability and prediction of MC 7 28% and 15% of JS at 13 and 14 years, respectively. Plate tapping at 6 years, standing long jump at 7 years and handgrip at 8 years are also predictors of JS, HH and WB at 12, 13 and 14 years. Stationary dribble, leap and run at 6 or 7 years are predictors of WB and/or HH and/or JS at 12 or 13 years. The percentage of explained variance of these FMS on MC tests is between 13-24%. Hop at 8 years explains 23% of the total variance of WB at 14 years. Object control sub-test at 8 years is also a predictor of WB at 14 years. At 13 and 14 years, MS and JS are predicted by locomotor sub-tests at 7 and 8 years, respectively. For girls, the total variance explained by the models is between 19-75%. The adjusted R 2 for age groups 6-12, 7-13 and 8-14 years is between 38-75%, 38-55% and 19-61%, respectively. WB at 12 years and HH at 13 and 14 years are best explained by the same MC tests at younger ages. This is also observed for JS at 13 years. WB at 6 and 7 years is a predictor of JS at 12 and MS at 13 years. HH at 8 years explained 34% of the variance of MS at 14 years. Body mass is a negative predictor of MS, WB and JS at 13 or 14 years. The same is true for HH at 12 years, where sum of skin-folds at 6 years explained 41% of the variance. Standing long jump, sit and reach, shuttle run and plate tapping are predictors of MC tests. Standing long jump at 7 years explains 16% of variance of JS at 13 years. The sit and reach test at 8 years is also a predictor of HH, JS and MS at 14 years. The best predictor of WB at 13 years is shuttle run at 7 years. Plate tapping at 6 years explains 9% of the variance of JS at 12 years. Among FMS, gallop and locomotor sub-tests are predictors of MC. WB at 12 years and HH at 13 years are explained by gallop at younger ages. Explained variance is comprised between 11-18%. Locomotor sub-tests at 7 years explains 9% of variance of MS at 13 years. Leisure time physical activity at 6 years is also a predictor of MS at 12 years. Socioeconomic status and parental occupation are also predictors of JS and MS at 12 years. The variance explained is between 12-17%.
Discussion
The central aim of this longitudinal study was to investigate tracking of MC from childhood to early adolescence in a Portuguese sample from Madeira and Porto Santo islands. Over a time frame of $6 years, we observed a lowto-moderate tracking of MC tests and that predictors of MC were, predominantly, FMS, the same MC tests at baseline and/or physical fitness tests. Moreover, human physical growth characteristics and socioeconomic status showed low correlations with MC tests, whilst biological maturation did not contribute to prediction of MC.
The patterns of age-associated and sex-associated variation in MC tests of the current study are similar to other samples, although there is inconsistency across studies. In Flemish children, Vandorpe et al. (2011a) reported that each age group scored significantly better than their 1-year younger counterparts on all four sub-tests. These results are in line with our study since group 1 (6-12 years) showed a lower score than group 3 (8-14 years) or 2 (7-13 years), and that a time effect (within-subject effect) was observed for all MC tests. Significant sex differences were also found in the Flemish sample. In WB, girls scored significantly better than boys for all but age group. On the HH, boys outscored the girls in every age group; both boys and girls did not score significantly differently on JS and MS. These data parallel the Madeira sample in HH, but differ in WB and MS. Two other studies documented these patterns in Portugal. A paper by Deus et al. (2008) followed 285 children, aged 6-10 years from Azores islands, longitudinally, and found an increase in MC scores in both sexes. Also in Azores, but using a large cross-sectional sample, Lopes et al. (2003) observed that boys outscored the girls in all MC tests. These results were partially achieved by our sample. In the scope of the Munich Longitudinal Study on the Ontogenesis of Individual Competencies, Ahnert et al. (2009) observed that MC tests generally increased from ages 8-12, with no reliable sex differences. Also in German children, aged 6-10 years, Willimczik (1980) did not find significant differences between the sexes in MC scores. On the contrary, significant age changes and some sex differences were found in 4007 Peruvian children, aged 6-11 years (Valdivia et al., 2008b) .
It was expected that proficiency in MC will improve throughout childhood and early adolescence since some of the MC tasks require speed, agility or muscular power. However, this pattern was not observed in certain of the previous studies. In this regard, Branta et al. (1984) reported that, although children become taller, broader and stronger during middle childhood and early adolescence, it ignores the dependence of motor development on exposure to skills, opportunity for practice and interest and motivation and for these reasons the development of motor skills cannot be automatic. Biased sampling, secular changes, contamination of off-setting groups and changes in the test administration can also be responsible for the age changes reported by different studies. Interestingly, in the current study, boys displayed better MC scores than girls in HH and MS. Again, these differences during middle childhood are likely to be environmental rather than biological. Thomas and French (1985) suggested that, prior to puberty, most gender differences in motor performance are socially induced by parents, peers, teachers and coaches, although differences are by no means uniform and may include some type of sex-related predisposition toward certain motor tasks. At puberty, sex differences in motor performance appear to be influenced by both biological and environmental factors.
Tracking or stability of MC is another issue addressed in this study. Overall, stability of MC tests was low-to-moderate, indicating that Madeira children proceeded at a different pace. Similar findings were found in Azorean children. Deus et al. (2008) reported correlations between 0.16-0.74 depending on the intervals over which MC tests were assessed. On the contrary, MC was found to be highly stable in Belgian (Vandorpe et al., 2011b) and German (Ahnert et al., 2009 ) school children. Vandorpe et al. (2011b) observed correlations comprised between 0.66 (aged 6-8 years) and 0.88 (aged 7-9 years), whilst Ahnert et al. (2009) found correlations of 0.76 (boys) and 0.72 (girls). Also in Germany, Willimczik (1980) reported correlations between 0.63 and 0.83 in MC tests. These three studies showed higher correlations than in Madeira and confirm the heterogeneity of MC over time. In this respect, Ahnert et al. (2009) stated that any comparison across studies should take into account the MC test, the age of the subjects, the achievement level and the measurement time interval to adequately access stability. As for change over time, inconsistency in stability coefficients of MC across studies is probably due to the study design, assessment strategies, variation in neuromuscular maturation, changes in body size and proportions, opportunity for practice, motivation and co-operation of the children to perform in the test situation (Ahnert et al., 2009; Malina et al., 2004) .
The last issue dealt with in this study concerned the prediction of MC. Of interest, FMS, MC and physical fitness tests in middle childhood were the main predictors of MC in early adolescence. It was not a surprise that FMS were predictors of MC given the moderately high correlation reported in the literature between the two motor tasks. In the Netherlands, Smits-Engelsman et al. (1998) observed an overall correlation between the Movement ABC (Henderson & Sugden, 1992) and KTK batteries of 0.62 and suggested a general ''motor ability'' factor which underlies motor tasks of all types. The finding that an MC test at a younger age was a predictor of the same MC test 6 years later was not expected, considering the general low-to-moderate correlations observed in the current study. However, as stated before, a reasonably good tracking was observed in WB, HH and JS. The close association between MC and physical fitness found in Madeira children is also in agreement with previous research. Recently, Vandendriessche et al. (2011) reported a strong association (r ¼ 0.79-0.87) between physical fitness and MC tests. Similarly, Haga (2008) found a close relationship between motor competence and physical fitness, suggesting a relatively strong covariance between the two sets of variables. Also, Barnett et al. (2008) found that object control proficiency in childhood was associated with adolescent cardiorespiratory fitness, accounting for 26% of fitness variation. Overall, the results of these studies support the idea that children with good FMS and high levels of physical fitness are more likely to become well-co-ordinated adolescents and vice-versa. The causal mechanism responsible for these associations is unclear (Marshall & Bouffard, 1997) .
In Madeira children, the sum of skin-folds at 8 years was a predictor of HH and MS at 14 years. The same was true for HH at 12 years, where sum of skin-folds at 6 years explained 41% of the variance. The regression coefficients were negative, meaning that higher levels of body fatness were associated with poorer performance in MC. An inverse relationship between skin-folds and/or BMI with MC tests, mostly in HH and JS, was also observed in Azorean (Lopes et al., 2012a) , Peruvian (Valdivia et al., 2008a) , Belgian (D'Hondt et al., 2011 (D'Hondt et al., , 2012 Vandendriessche et al., 2011) and North-American (Wrotniak et al., 2006) children. A reasonable explanation is that excess body fatness represents an inert load that must be moved (Malina et al., 2004) . Interestingly, body mass-differences in MC were more pronounced in Madeira children that belonged to the older group (8-14 years) as was also reported by D'Hondt et al. (2011) in Flemish children. Also of interest was the fact that the ratio of sitting height to stature was a predictor of WB and, so, proportionality should be taken into account when investigating MC.
The finding that leisure time physical activity at 6 years was only a predictor of MS at 12 years, in girls, was unexpected since recent reports have suggested a positive relationship between physical activity and MC. For example, Vandorpe et al. (2011b) reported that children who consistently practiced sports in a club environment over the 3 years of testing displayed better co-ordination levels than children who only partially participated or did not participate in a club environment at all. Also D 'Hondt et al. (2012) reported that the participation in organised sports within a sports club was a positive predictor of MC. Lopes et al. (2011) found that MC was an important predictor of physical activity in Azorean children. We could argue that the discrepancy between the findings of our study and the previous ones could be allocated to the questionnaire, i.e. the Baecke questionnaire (Baecke et al., 1982) was not sensitive enough to capture the subject's physical activity. In order to minimise this possibility, the team members filled out the questionnaires by means of a face-to-face interview and children under 10 years of age and had the assistance of the teacher of physical education or a parent.
SES as a composite or through the parental occupation only entered into two regression models and explained 12% and 27% of the variance of JS and MS, respectively. The regression coefficients were positive, so low SES had a better performance than high SES in MC, since a lower score in the SES scale represents a higher SES. Our finding did not support previous research by Vandendriessche et al. (2012) , who observed that high SES girls were more proficient than their peers from middle SES in JS, WB and HH. Valdivia et al. (2008b) reported that SES was not a relevant predictor of differences in MC profiles of Peruvian children. One plausible explanation for the Madeira data is that low SES children had a more permissive rearing atmosphere that might be conducive to greater freedom of activity and opportunity for practice and, in turn, compensate the higher MC noted in low SES (Malina et al., 2004) .
Skeletal maturation in childhood was not a predictor of MC in early adolescence. Few other studies have considered maturity-associated variance in MC in these age intervals. Seils (1951) found low-to-moderate correlations between skeletal age and gross motor skill performance in primaryschool children. Kerr (1975) used a serial tapping task to analyse movement control in 60 participants, aged 5, 7 and 9 years. No significant relationship was found between the fine motor task and skeletal age. In Belgian girls, 6-16 years old, the correlation coefficients between skeletal age and balance were low or non-significant (Beunen et al., 1997) . The absence of a clear association between skeletal maturation and MC supports the idea that neuromuscular maturation could be dominant at earlier ages and this may not be related to skeletal maturation.
There are some weaknesses that need to be addressed when interpreting our results. First, physical activity was selfreported and questionnaire responses depend on the perception, encoding, storage and retrieval of information (Shephard, 2003) . Second, the three cohorts did not cover the entire growth period. Third, data quality was not assessed at time 2. On the other hand, this study was built on previous research (D 'Hondt et al., 2011 'Hondt et al., , 2012 Lopes et al., 2011 , DOI: 10.3109/03014460.2015 Change, stability and prediction of MC 9 2012a,b; Valdivia et al., 2008b; Vandendriessche et al., 2011 Vandendriessche et al., , 2012 Vandorpe et al., 2011a,b) by including FMS and biological maturation as predictors of MC, in addition to human physical growth, physical fitness, physical activity and SES. Other strengths lie in the stratified sampling procedure, a relatively large sample size and the high quality control of the data in time 1.
In summary, the present findings indicate that boys, on average, show better MC scores than girls and younger children tend to perform less proficiently than older peers. MC tracks at low-to-moderate levels during childhood and early adolescence and childhood predictors of MC at early adolescence are MC tests, human physical growth characteristics, physical fitness, FMS and SES. Furthermore, predictors of MC change over time and the relative contribution of these predictors also change with age. Given that FMS and physical fitness in childhood are predictors of MC in early adolescence it is crucial to enhance them to promote MC. Future longitudinal research using biological and environmental variables is justified to gain greater insight into the tracking of MC.
